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INTRODUCTION 


This  report  describes  the  research  under  contract  No.  N62269-81-C-0153  to 
prepare  and  characterize  a  one-part  resin  system  to  be  used  in  the  field 
repair  of  graphite  structural  composites  on  naval  aircraft. 

The  resin  system  should: 

1.  have  long-term  (at  least  six  months)  stability  at  ambient  tem¬ 
peratures. 

2.  cure  in  one  hour  at  121-149°C  (250-300°F)  using  a  heating  blan¬ 
ket  and  mechanical  pump. 

3.  provide  performance  (e.g.,  high  temperature  properties  and 
water  resistance)  approaching  that  of  the  resin  used  in  the 
original  advanced  composite  material.  The  basis  for  the  matrix 
resin  system  of  many  of  the  composites  for  aircraft  components 
is  tetraglycidylated  methylenedianiline  (CIBA-GElGY's  MY  720) 
cured  with  bis- (p-aminophenyl) sulfone  (Eporal  or  DOS).  Because 
of  the  low  reactivity  of  DOS  at  readily  achieved  temperatures, 
an  accelerator,  such  as  the  complexed  Lewis  acid,  BF3«MEA  is 
incorporated.  Even  with  this  accelerator,  the  MY  720/DDS  sys¬ 
tem  requires  cure  at  high  temperatures  (177-200°C)  to  insure 
full  reaction  and  development  of  composite  properties. 

Although  a  repair  system  based  on  the  MY  720/DDS  matrix  could  provide  prop¬ 
erties  equivalent  to  the  advanced  composite  substrate,  such  a  system  is  un¬ 
suitable  for  field  applications  because  of  the  high  temperatures  necessary 
to  fully  cure  the  system.  Therefore,  lower  temperature  curing  systems  were 
investigated. 

In  the  previous  contract  period,  four  new  phthalamide-amine  curing  agents 
were  synthesized  and  characterized.  Latency  of  m-xylylenediamine  with 
multifunctional  epoxy  resins  was  found  to  last  as  long  as  four  to  five  months 
at  ambient  temperatures,  glass  transition  temperatures  ranged  up  to  about 
142%  and  water  absorption  at  equilibrium  at  951  relative  humidity  and  71°C 
was  a  relatively  low  5.5  weight  percent.  A  major  problem  with  the  materials 
developed  has  been  their  lack  of  solubility  in  epoxy  resins  at  curing 
temperatures  (under  low  pressures) .  Cured  samples  did  not  consolidate  and 
remained  heterogeneous,  unless  cured  under  high  pressure.  The  object  of  the 
work  in  this  contract  is  to  improve  compatibility  of  the  components  at  normal 
curing  temperatures  (up  to  150°C)  and  at  low  pressures  (under  100  psi)  so 
that  a  practical  system  can  be  made.  This  is  to  be  followed  by  the 
preparation  of  test  samples  and  the  determination  of  their  physical 
properties,  e.g.,  tensile  and  fracture  properties,  and  dynamic  mechanical 
analysis  (to  determine  Tg  and  the  effect  of  hot/wet  aging  on  Tg) .  The 
fabrication  and  properties  of  graphite  prepreg  and  laminate  using  multi¬ 
functional  epoxy  resins  and  the  most  promising  latent  hardener  are  inves¬ 
tigated. 
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EXPERIMENTAL  RESULTS  AMD  DISCUSS:  N 
A.  Compatibility  Improvement 

Additional  batches  of  amine-;  thalamide  adducts  were  synthesised  as 
described  in  the  November,  1:  1,  final  report  on  contract  No.  N62269- 
80-C-07U. 


Various  techniques  were  inve: 
geneous  test  samples  of  later 
tional  epoxy  resins  for  the  < 
Compression  moldings  of  the  r 
but  these  were  inhomogeneous 

1.  Particle  Sise  Reduction 


The  phthalamide  of  m-xyl: 
in  the  previous  reports  \ 
isolate  material  of  a  vei 
MXDAP  (4.4  parts  by  weigl 
with  the  multifunctional 
(2.37  pbw)  to  yield  a  un: 
diameter  sold  at  temperat 
mixture  cured  to  a  hard  r 
particles  evident.  Part: 
not  a  solution  to  compat: 


igated  in  order  to  prepare  clear,  homo- 
phthalamide  hardeners  with  multifunc- 
termination  of  their  physical  properties, 
xed  components  gave  consolidated  samples, 
especially  at  relatively  low  pressures. 


enediamine  (MXDAP) *  hardener  described 
s  ground  in  a  Wiley  mill  and  sieved  to 
fine  particle  size,  below  75  microns. 

,  100.6  grams/equivalent)  was  hand  mixed 
poxy  resins  MY  720  (2.37  pbw)  and  0510 
orm  paste.  This  was  molded  in  a  one-inch 
res  up  to  150°C  and  at  about  50  psi.  The 
ss,  but  was  heterogeneous,  with  numerous 
le  size  reduction  alone  is  apparently 
ility  improvement  of  this  system. 


MXDAP 


2.  Epoxy  Resin  Substitution 


A  study  was  done  to  deter 
improved  by  substitution 
part  of  the  multifunctior 
ether  of  bisphenol  A,  was 
psi.  An  opaque  molding  r 
epoxy  resin,  ARALDITE*  Ci 
the  MY  720  in  a  mixture  c 
sample  was  also  heteroger 
of  the  MY  720  with  a  low 
7014,  did  improve  the  clr 
geneities  were  still  evic 


ine  whether  resin  compatibility  can  be 
f  standard  bifunctional  epoxy  resins  for 
1  resins.  ARALDITE*  6010,  a  diglycidyl 
mixed  with  MXDAP  and  molded  at  about  50 
suited.  A  low  viscosity  cycloaliphatic 
179,  was  also  used  to  replace  half  of 
MY  720/0510/MXDAP/PACMP.  The  resulting 
ous  after  molding.  Replacement  of  20% 
siting  solid  epoxy  resin,  ARALDITE*  GT 
ity  of  the  samples  somewhat,  but  hetero- 
nt. 


'preparation  and  analysis  de.  .rifc  d  f  .he  November, 
final  report  on  Contract  No.  «*a  61  /0-C-0711. 


6 


NAOC-81 108-60 


3.  Combinations  of  Hardeners 


A  mixture  of  phthalamide  hardeners  may  exhibit  a  depressed  melting 
point,  and  thereby  dissolve  more  readily  in  epoxy  resins  before 
hardening.  PACMP  (the  phthalamide  of  duPont's  PACM-2Cf)*  was  mixed 
with  MX DAP  in  a  1:1  molar  ratio.  This  was  molded  with  MY  720/0510, 
with  MY  720/0510/6010,  with  MY  720/6010,  with  MY  720/0510/CY  179, 
and  with  ARALDITE*  6010.  Heterogeneous  moldings  resulted  from  all 
of  these  mixtures. 


PACMP 


4.  Addition  of  Solvents 


Clear  films  or  uniform  powders  containing  phthalamide  hardener  and 
epoxy  resin  were  prepared  by  first  dissolving  each  component  in  an 
appropriate  solvent.  The  phthalamides  were  dissolved  in  methanol 
up  to  a  concentration  of  33%  by  weight.  The  epoxy  resin  was  dis¬ 
solved  in  acetone  (or  alternatively  in  2-butanone  or  methylene 
chloride)  at  26  wt.  %  solids.  Mixtures  of  these  solutions  gave 
clear,  brown  solutions. 

a.  m-Xylylenediamine  Phthalamide  (MXDAP)  +■  MY  720  +  0510 

The  MXDAP  hardener  was  dissolved  in  anhydrous  methanol  and 
epoxy  resins  MY  720  and  0510  were  dissolved  in  acetone.  The 
two  solutions  were  mixed  in  a  stoichiometric  ratio  (using  4 
amino  hydrogen  equivalents  per  mole  MXDAP)  to  yield  a  clear 
solution.  The  solution  was  sprayed  onto  teflon-coated  alumi¬ 
num  plates  and  residual  solvent  was  stripped  at  0.1  mm  mercury 
and  ambient  temperature.  A  yellow  powder  melting  at  90-100°C 
was  obtained. 

A  clear,  brown  disc  was  molded  from  this  powder  at  about  100 
psi;  its  Tg  was  110°C.  DSC  analysis  showed  a  heat  of  reaction 
of  17.7  kcal/epoxy  equivalent  centered  at  about  130°C;  this  is 
89%  of  the  value  expected  for  non-reacted  material.  However, 
&  H  fell  to  9.2  kcal/equivalent  within  one  week,  showing  that 
the  material  is  advancing  significantly.  A  few  percent  of 
solvent  was  found  to  be  retained  in  the  mix,  which  could  ac¬ 
count  for  the  low  Tg  as  well  as  the  advancement.  The  addition 
of  n-hexane  to  the  acetone/methanol  solution  did  not  aid  in 
stripping  off  the  last  remnants  of  solvent. 


^Preparation  and  analysis  described  in  the  November,  1981 
final  report  on  Contract  No.  N62269-80-C-0711. 
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b.  MXDAP  +  MY  720 


The  elimination  of  0510  resin  (triglycidyl  p-aminophenol)  from 
the  previous  formulation  facilitates  the  preparation  of  a  dry 
solvent-free  powder,  melting  at  62-67°C.  Two  different  batches 
prepared  from  methanol/acetone  gave  heats  of  reaction  of  19.7 
and  17.2  kcal/epoxy  equivalent.  However,  the  mixture  was  not 
stable  at  ambient  temperatures,  since  these  values  fell  to  10.7 
and  12.5  kcal/equivalent  after  seven  days. 

c.  P ACM- 20  Phthalamide  (PACMP)  +  MY  720 

PACMP  was  dissolved  in  anhydrous  methanol  and  mixed  with  a 
stoichiometric  amount  of  MY  720  in  acetone  (using  4-amino  hy¬ 
drogen  equivalents  per  mole  of  PACMP) .  Spraying  and  overnight 
evaporation  yielded  an  almost  white  powder  melting  at  60-65°C. 
The  heat  of  reaction  was  determined  (via  DSC)  to  be  7.0  kcal/ 
epoxy  equivalent,  less  than  half  of  the  value  obtained  in  the 
absence  of  solvent  treatment.  Apparently,  the  components  re¬ 
act  during  preparation  of  this  powder. 

d.  1,2-Oiaminocyclohexane  Phthalamide  (DACP)  +  MY  720 


A  total  of  340  grams  of  the  phthalamide  of  1, 2-diaminocyclo- 
hexane  (DACP)  was  prepared  in  two  batches,  according  to  the 
procedure  described  in  the  final  report  on  Contract  No.  N62269- 
80-C-0711.  The  material  melts  at  75-85°C  and  IR  analysis  shows 
9  no  contamination  with  imide  or  with  amine  salt. 


h2n 

jj  / 

0 

C-NH 

(of 

DACP 

• 

ll  N 

0 

[0 

/ 

h2n 

\/ 

Attempts  to  make  a  molding  powder  out  of  DACP,  MY  720  and  the 
•  trifunctional  epoxy  resin  0510  were  unsuccessful  because  sol¬ 

vent  could  not  be  completely  removed  from  the  gummy  solid  form¬ 
ed  without  heating,  which  would  start  the  cure  reaction. 

The  phthalamide  was  successfully  converted  to  a  powder  by  omit¬ 
ting  the  0510  and  using  a  stoichiometr ically  equivalent  amount 
!  of  MY  720.  This  was  done  by  making  a  33  wt.  t  solution  of  DACP 

in  methanol  and  mixing  with  a  26  wt.  %  solution  of  MY  720  in 
acetone.  The  combined  solution  was  sprayed  onto  teflon-coated 
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plates  and  evacuated  tc  remove  solvent.  The  resulting  pale 
yellow  material  was  ground  to  a  fine  powder  with  a  mortar  and 
pestle  prior  to  molding.  Its  melting  range  is  77-81°C. 

Translucent  discs  of  1  1/8-inch  and  2  1/4-inch  diameter  were 
molded  from  this  powder  at  34  psi  and  1S0°C.  The  material- 
consolidates,  but  small  bubbles  and  particles  can  be  seen  on 
microscopic  observation.  At  750  psi,  no  bubbles  are  seen  and 
inhomogeneities  are  mostly  on  the  surface. 

Compatibilization  of  the  components  using  a  mixed  solvent  was 
also  used  to  make  graphite  prepreg  with  DCAP/MY  720  matrix 
resin. 


B.  Stoichiometry  of  the  MXDAP/Epoxy  Reaction 


I 

Differential  scanning  calorimetry  showed  that  a  significantly  higher 
heat  of  reaction  was  obtained  when  a  stoichiometry  of  four  amino  hy¬ 
drogen  equivalents/mole  of  MX DAP  was  used  than  when  six  equivalents/ 
mole  was  used.  To  optimize  the  MXDAP/epoxy  resin  ratio  further.  MXDAP 
was  added  in  ratios  based  on  stoichiometries  of  three  and  five  amino 
hydrogen  equivalents  per  mole  and  the  reaction  with  MY  720  plus  0510 
studied  via  DSC.  The  results  are  shown  in  Table  I.  The  stoichiometry 
of  four  amino  hydrogen  equivalents/mole  gives  the  highest  heat  of 
reaction  as  well  as  the  lowest  temperature  of  reaction.  The  ratio 
based  on  this  value  appears  to  be  the  optimum  for  the  complete  low- 
temperature  cure  of  this  system. 


TABLE  I;  STOICHIOMETRY  OP  THE  MXDAP/EPOXY  REACTION 


Amino  Hydrogen 

Center  of  1st 

lst&H 

Equiv./Mole  MXDAP 

DSC  Peak 

(Kcal/mole) 

3 

118°C 

54.9 

4 

114°C 

69.8 

5 

133°C 

38.3 

6 

117°C 

36.9 

C.  Synthesis  and  evaluation  of  1,8-Diamino-p-Menthane  Phthalamide  (DAMP) 

A  new,  potentially  useful  latent  hardener  was  synthesized  from  the 
hindered  amine,  1- 8-d i amino- p- men thane  (DAM) 
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The  amine  was  reacted  with  phthalic  anhydride  in  dioxane  solution  at 
105°C,  according  to  the  technique  used  in  making  MX DAP.  A  yellow  oil 
was  formed,  which  was  transformed  into  a  yellow  powder  (M.P.  133- 
145°C,  67%  yield)  on  washing  successively  with  hot  heptane,  toluene, 
hexane,  and  ethyl  ether.  Infrared  analysis  shows  that  the  material  is 
an  amide,  with  no  imide  groups.  NMR  analysis  indicates  that  the  mate¬ 
rial  is  a  mixture  of  2:1  and  1:1  amine: anhydride  adducts  of  the  struc¬ 
tures  shown  below: 


DAMP 


A  mixture  of  DAMP  with  MY  720  and  0510  was  latent  for  four  days  at 
about  21°C,  but  hardened  after  one  week.  This  is  probably  due  to  the 
presence  of  some  unreacted  amine,  which  was  found  using  thin  layer 
chromatography.  The  heat  of  reaction  with  MY  720  plus  0510  was  only 
9.3  kcal/epoxy  equivalent,  centered  at  130°C.  Tg  for  this  system  was 
low  (85<*:). 

Latency  of  Phthalamlde/Epoxy  Mixtures 

Mixtures  of  PACMP  with  MY  720,  and  with  MY  720  plus  0510,  were  not  ap¬ 
preciably  latent  at  room  temperature  for  more  than  a  few  weeks;  they 
were  very  hard  after  three  months.  Similarly,  mixtures  of  DAMP,  and 
of  the  phthalamide  of  l,3-bis(aminomethyl) cyclohexane  with  a  combina¬ 
tion  of  MY  720  and  0510  got  noticeably  harder  in  a  few  weeks.  Differ¬ 
ential  scanning  colorimetry  (DSC)  was  used  to  evaluate  the  stability 
of  the  other  phthalamide/epoxy  mixtures  stored  at  room  temperature. 

The  results  are  given  in  Table  II. 

The  most  stable  formation  is  apparently  MXDAP/MY  720;  it  retains  83% 
of  its  original  reactivity  after  one  year.  However,  this  material  is 
also  the  most  difficult  to  process.  MXDAP/MY  720/0510  can  be  molded, 
and  retains  84%  of  its  original  activity  after  4  months.  DACP/MY  720 
mixtures  from  solution  show  no  decrease  in  heats  of  reaction  after  3 
months  and  retain  90%  of  their  original  value  after  6  months.  Other 
formulations  containing  PACMP,  DAMP,  or  BACP  become  hard  within  3 
months  of  storage.  Apparently,  traces  of  retained  solvent  make  the 
compounds  reactive,  in  contrast  to  dry-blended  mixtures,  which  were 
previously  found  to  be  stable  for  as  long  as  five  months. 


NADC-81 1 08 -60 


Preparation  of  Prepreg  and  Laminate  Test  Samples 

Unidirectional  prepreg  was  prepared  by  pulling  Thornel  300  graphite 
fiber  (Union  Carbide  grade  HYP  IS,  finish  UC  314)  through  a  solution 
of  epoxy  resin  and  hardener,  and  winding  on  a  12-foot  circumference 
drum  at  12  tows/inch.  These  prepregs  were  cut  off  the  drum,  dried 
overnight  at  ambient  conditions,  trimmed  to  a  convenient  size,  and 
stored  in  a  freezer  until  used  to  make  laminates.  No  B-staging  was 
done  before  molding.  Table  III  lists  the  materials  used  and  the  res¬ 
in  contents  obtained  for  the  phthalamide  system  and  for  the  control 
(all  parts  are  by  weight) .  The  DACP-containing  prepreg  had  consider¬ 
ably  less  tack  and  drape  than  the  DDS-containing  control. 


TABLE  III:  PREPREG  FORMULATIONS  AND  RESIN  CONTENT 


Resin 
Hardener 
Catalyst 
Solvent (s) 


MY  720 
DOS  (47  phr) 
BF3.MEA  (1  phr) 
Acetone 


Solids  Content  of  Solution  38% 

Volatiles  in  Prepreg  1.7% 

Prepreg  Fiber  Content  62.4% 

Prepreg  Resin  Content  37.6% 


MY  720 

DACP  (68  phr) 

Acetone/Me  th- 
anol  (2.5/1) 
26% 

3.1% 

63.7% 

36.3% 


Zero  degree,  8-inch  by  8-inch  laminates  were  molded  at  100  psi. 
Twelve-ply  laminates  were  made  for  short-beam-shear  tests  and  dynamic 
mechanical  analysis;  seven  plies  were  used  to  make  laminates  for  ten¬ 
sile  tests.  The  ODS/MY  720  control  was  molded  at  120%  for  1  hour, 

177%  for  1  1/2  hours,  and  200%  for  2  hours.  The  DACP/MY  720  laminate 
was  molded  at  120%  for  1/2  hour  and  150%  for  1  1/2  hours.  The  phthal- 
amide  laminate  had  less  flow  than  the  control,  but  both  laminates  were 
well  consolidated  and  appeared  uniform,  with  fibers  fully  coated. 


Test  Results 

1.  Molded  DACP/MY  720:  DMA  Results,  Tg,  and  the  Effect  of  Hot/Wet 
Aging 

The  glass  transition  temperature  of  small  samples  of  DACP/MY  720 
molded  at  34  psi  and  150%  was  found  to  be  145%,  using  thermo¬ 
mechanical  analysis  and  also  via  differential  scanning  calorimetry. 
However,  these  methods  could  not  be  used  to  determine  the  Tg  of 
water-saturated  samples  with  reasonable  accuracy,  so  dynamic  mech¬ 
anical  analysis,  using  a  duPont  981  DMA,  was  used  for  this  purpose. 


Compression-molded  DACP/MY  720  was  cut  into  rectangular  specimens 
of  dimensions  25  X  10  X  1.8mm.  These  were  aged  at  71%  and  95% 
relative  humidity.  The  gain  in  weight  seemed  to  stabilize  at  4.2% 
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after  three  weeks.  DMA  at  5°C/min.  was  used  to  determine  Tg,  el¬ 
astic  modulus  and  loss  modulus  (at  25  Hz)  of  conditioned  and  nnn- 
conditioned  samples.  The  averages  of  these  data  are  given  in  the 
following  table.  Tg  of  the  non-condi tioned  samples  (from  the  peak 
of  the  damping  curve)  was  165°c,  15°  above  the  final  cure  tempera¬ 
ture  and  about  20°  above  the  Tg  previously  found  via  DSC  and  ther¬ 
momechanical  analyses.  On  conditioning,  DMA  shows  a  drop  in  Tg  of 
34°,  to  131°C.  Changes  in  elastic  modulus  and  in  loss  modulus  due 
to  hot/wet  aging  were  not  significant  (within  the  method's  experi¬ 
mental  error  of  10%).  However,  both  moduli  drop  off  as  the  Tg  is 
approached. 


TABLE  IV;  MIA  VALUES  FOR  MOLDED  DACP/MY  720 


NON -CONDITIONED  CONDITIONED 


Tg  (°C) 

Elastic  Modulus  9  25°C  (GPa) 
Elastic  Modulus  9  100° 
Elastic  Modulus  9  140° 
Elastic  Modulus  9  165° 

Loss  Modulus  9  25°C  (tan  S  ) 
Loss  Modulus  9  100° 

Loss  Modulus  9  140° 

Loss  Modulus  9  165° 


165 

131 

3.3 

3.2 

2.7 

2.3 

2.1 

0.64 

0.93 

0.25 

0.029 

0.029 

0.030 

0.047 

0.064 

0.291 

0.245 

0.171 

2.  Fracture  Toughness  of  Resin  Systems 

Six  2  1/4-inch  diameter,  1/4-inch  thick  discs  of  DACP  and  MY  720 
were  molded  at  750  to  1000  psi  and  cut  for  a  compact  tensile  frac¬ 
ture  toughness  test  (figure  1) .  They  were  translucent  and  bubble- 
free,  but  contained  some  inhomogeneous  particles.  Various  modi¬ 
fications  of  the  heating  schedule  failed  to  improve  the  sample 
appearance.  Eporal/MY  720  discs  were  made  to  control  samples  for 
this  test.  The  average  critical  stress  intensity  factor  (Klc)  for 
DACP/MY  720  was  found  to  be  2.27  kg/ram3/2,  with  a  standard  devia¬ 
tion  of  0.16.  This  is  very  similar  to  the  value  found  for  Eporal/ 
MY  720,  which  was  1.92  kg/mm3/2  (S.D.  »  0.58). 

Discs  for  fracture  toughness  were  also  molded  (at  6000  psi)  from 
m-xylylenediamine  phthalamide  (MXDAP)  and  MY  720.  Moldings  were 
translucent,  but  more  inhomogeneous  than  with  DACP/MY  720.  Sever¬ 
al  processing  modifications  were  tried  to  mold  more  homogeneous 
samples,  but  the  resulting  discs  were  not  suitable  for  testing. 


Samples  Cor  testing  were  divided  into  two  groups;  one  was  kept  at 
ambient  laboratory  conditions  and  the  other  kept  in  a  chamber  at 
49°C  and  about  95%  relative  humidity  until  its  weight  remains  con¬ 
stant  (about  3  weeks).  DACP/MY  720/Thornel  300  laminates  gained  a 
total  of  1.1%  of  their  weight  at  equilibrium;  the  DDS/MY  720/Thor¬ 
nel  300  laminates  picked  up  0.85%  of  water. 

4.  Short-Beam-Shear  Strengths  of  Laminates 

Twelve-ply,  0.14  cm-thick  laminates  were  tested  as  shown  in  figure 
2,  at  a  crosshead  speed  of  0.05  inch/minute  (ASTM  No.  02344). 
Hot/wet  aged  samples  were  tested  rapidly  (in  about  one  minute)  to 
minimize  drying,  at  104°C  (220°P).  Average  values,  from  measure¬ 
ments  of  between  5  and  15  individual  samples,  are  given  in  Table 
V.  No  tensile  breaks  were  noted  on  microscopic  examination  after 
the  tests.  Apparently,  all  failures  were  in  the  shear  mode,  ex¬ 
cept  for  the  conditioned  DACP/MY  720  laminates,  which  failed  by 
thermoplastic  deformation  at  the  104%  test  temperature.  The 
horizontal  shear  strength  of  the  dry  DACP/MY  720  samples  tested  at 
room  temperature  was  82.8  MPa  (12,000  psi) ,  virtually  the  same  as 
that  of  the  DOS/  MY  720  control.  On  conditioning,  both  materials 
show  much  lower  strengths,  with  the  DACP/MY  720  deforming  at  21.9 
MPa  (3,170  psi) . 
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TABLE  V;  SHORT-BEAM- SHEAR  STRENGTHS  OF  LAMINATES 

HOT  CONDITIONED  HOT/WET  CONDITIONED* 

PACF/MY  720  DDS/MY  720  DACP/MY  720  PDS/MY  720 

Sheer  Strength  (MPa)  82.8  78.5  21.9*  48.6 

Standard  Deviation  4.51  3.72  3.63  2.25 

*  Tests  run  8  104°C 
9  Thermoplastic  deformation  failure 
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Tensile  Properties  of  Laminates 

Seven-ply,  0.10  cm-thick  laminates  were  tested  in  the  transverse 
direction,  as  shown  in  Figure  3,  at  a  crosshead  speed  of  0.05 
inch/ainute.  Hot/wet  aged  samples  were  tested  rapidly  (in  about 
two  minutes)  to  minimize  drying,  at  104°C  (220°F)  and  at  room 
temperature.  Average  values,  mostly  from  measurements  of  six 
individual  samples,  are  given  in  Table  VI. 


t.22 


FIGURE  3: 


TENSILE  TEST  SPECIMEN 


TABLE  VI t  TENSILE  TEST  VALUES  OF  LAMINATES 
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Standard  Deviation 
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TABLE  VI:  DMA  VALUES  FOR  LAMINATES 


NOT  CONDITIONED  HOT/WET  CONDITIONED 


DACP/MY  720 

DDS/MY  720 

DACP/MY  720 

DDS/MY  720 

Tg  (5°/«in. ) 

130°C 

261°C 

121°C 

220,  266°C 

Tg  (lS°/«in.) 

143°C 

265°C 

134°C 

227°C 

E  elastic 

-  25°C 

4.0  GPa 

4.8  GPa 

E  elastic 

-  100°C 

3.0  GPa 

- 

- 

- 

E  elastic 

-  120°C 

2:1  GPa 

- 

- 

- 

E  elastic 

-  140°C 

1.0  GPa 

4.1  GPa 

- 

- 

E  elastic 

-  160<»C 

0.47  GPa 

- 

- 

- 

E  elastic 

-  200OC 

- 

4.7  GPa 

- 

- 

E  elastic 

-  230°c 

- 

4.4  GPa 

- 

• 

E  elastic 

-  2400c 

- 

4.0  GPa 

- 

- 

E  elastic 

-  260°C 

- 

2.9  GPa 

- 

- 

E  elastic 

-  280°C 

- 

2.0  GPa 

- 

- 

tan  £  - 

25°C 

0.022 

0.007 

0.017 

0.005 

tan  £  - 

100°C 

0.044 

- 

0.048 

- 

tan  S  - 

120°C 

0.122 

- 

0.196 

- 

tan  £  - 

140°C 

0.216 

0.010 

0.299 

- 

tan  £  - 

160°C 

0.197 

- 

0.124 

- 

tan  £  - 

200°C 

- 

0.016 

- 

0.016 

tan  £  - 

230°C 

- 

0.030 

- 

0.023 

tan  £  - 

240°C 

- 

0.046 

- 

0.025 

tan  £  - 

260°C 

- 

0.113 

- 

0.034 

tan  £  - 

280°C 

- 

0.129 

- 

0.041 
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Laminates  with  DACP/MY  720  matrix  resin  have  a  tensile  strength 
of  29.5  MPa  (4,280  psi),  72%  of  the  value  of  the  DDS-cured  lam¬ 
inate.  The  modulus  was  8,640  MPa  (1,254,000  psi),  79%  of  the 
control  and  the  elongation  was  also  slightly  lower. 

DACP/MY  720  laminates  conditioned  at  49°C  and  95%  relative  hum¬ 
idity  (containing  an  equilibrium  amount  of  1.1%  water)  showed  a 
marked  drop  in  tensile  properties.  The  104°C  test  temperature 
seemed  to  be  above  the  onset  of  softening,  so  that  tests  were 
also  run  at  ambient  temperature  (23°C).  These  values,  10.8  MPa 
(1560  psi)  ultimate  stress  and  1,950  MPa  (283,000  psi)  modulus, 
were  also  much  lower  than  that  of  the  control. 

6.  Dynamic  Mechanical  Analysis  of  Laminates 

The  results  of  dynamic  mechanical  analysis  of  dry  and  of  hot/wet 
aged  laminates  are  shown  in  Table  VII.  Despite  the  drastic  re¬ 
duction  in  shear  and  tensile  results  of  aged  samples  reported 
above,  DMA  showed  the  Tg  of  the  DACP/MY  720  matrix  laminate  to  be 
only  slightly  affected  by  the  conditioning;  at  a  heating  rate  of 
5°/minut,e,  dry  and  wet  samples  exhibited  Tg's  of  130°  and  121°C, 
respectively.  A  15°/minute  rate  was  also  used  to  reduce  the  pos¬ 
sibility  of  drying  out  during  the  test,  and  Tg's  of  143°  and 
134°C  were  found  for  non-condi tioned  and  conditioned  materials, 
respectively.  The  change  in  slope  of  the  tensile  modulus  curve 
also  decreases  about  10°C  on  conditioning,  from  110°  to  100°C. 
Aged  DDS/MY  720  matrix  laminates  exhibited  two  Tg's;  apparently, 
the  lower  one  for  watersaturated  resin  is  followed  by  a  Tg  for 
the  dried-out  sample.  This  phenomenon  is  not  observed  at  the 
faster  heating  rate,  where  only  the  lower  Tg  is  shown. 

CONCLOSIONS 


Latent  phthalamide  hardeners  which  were  synthesized  can  be  made  compati¬ 
ble  with  multifunctional  epoxy  resins  by  dissolving  the  hardener  in  meth¬ 
anol  and  mixing  with  an  acetone  solution  of  the  epoxy  resin.  Solvent  can 
be  removed  by  spraying,  or  by  the  customary  drying  of  a  prepreg. 

The  phthalamides  of  MXDAP  and  DACP  are  stable  with  MY  720  for  at  least  12 
months  and  6  months  respectively.  Other  phthalamides  prepared,  DAMP, 
PACMP  and  BACP,  have  insufficient  latency  in  epoxy  formulations. 

Glass  transition  temperatures  for  systems  cured  at  150°C  are  about  130°C 
for  MXDAP/MY  720/0510,  145°C  for  DACP/MY  720  and  130°C  for  DACP/MY  720 
laminate. 

Prepreg  was  prepared  from  DACP,  MY  720  and  graphite  fiber,  and  converted 
to  a  uniform,  well-consolidated  laminate  at  100  psi  and  150°C.  At  am¬ 
bient  conditions,  the  laminate  has  physical  properties  approching  that  of 
a  higher-temperature  cured  DDS/MY  720  laminate.  On  hot/wet  aging,  1.1% 
water  is  absorbed  and  shear  and  tensile  properties  are  lowered  consider¬ 
ably,  especially  at  an  elevated  test  temperature.  However,  DMA  shows 
that  Tg  and  tensile  modulus  are  only  decreased  by  about  9°C  on  condition¬ 
ing  at  49°C  and  95%  relative  humidity. 
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RECOMMENDATIONS 


While  the  feasibility  of  making  a  latent,  one-component,  multifunctional 
epoxy  system  curing  at  1S0°C  has  been  demonstrated,  work  to  establish  its 
practicality  for  composite  aircraft  repair  is  still  needed.  This  would  en¬ 
tail: 

1.  Scale-up  of  the  synthesis  of  the  phthalamide  hardener  and  production 
of  prepreg . 

2.  Investigation  of  the  consolidation  and  curing  of  the  prepreg  using  a 
vacuum-bagging  technique  and  a  heating  blanket. 

3.  Testing  of  repair  patches  under  more  realistic  conditions,  e.g.,  de¬ 
termining  the  effect  of  heat  and  humidity  cycling. 


20 


NADC-811 08-60 


DISTRIBUTION  LIST  (CONTINUED) 

Mo.  of  Copies 

MAPTC ,  Trenton,  NJ  (J.  Glatz) . . .  1 

CCMNAVWPNCEN ,  China  Lake . ' .  1 

Celanese  Research  Co.,  Summit,  NJ  (R.  J.  Leal)  .  1 

NAVSEA,  Washington,  DC  (Code  6101E) .  1 

Vought  Corp.,  Systems  Div.,  Dallas,  TX  (R.  Knight)  .  1 

NASA  Headquarters,  Washington,  DC  (Code  RV-2  N.  Mayer) .  1 

The  Boeing  Company,  Aerospace  Div.,  Seattle,  WA.  (C.  Sheppard)  .  .  1 

NAVSHIP  R&D  Center,  Bethesda,  MD  (Mr.  Krenzke,  Code  1720) .  1 

NASA,  Langley  Research  Center,  Hampton,  VA  (W.  Howell)  .  1 

United  Aircraft  Corp.,  United  Aircraft  Research  Labs, 

East  Hartford,  CT .  1 

United  Aircraft  Corp.,  Pratt  4  Whitney  Aircraft  Div., 

East  Hartford,  CT .  1 

United  Aircraft  Corp.,  Hamilton-Standard  Div., 

Windsor  Locks,  CT  (T.  Zajec)  .  1 

United  Aircraft  Corp.,  Sikorsky  Aircraft  Div., 

Stratford,  CT  (Dr.  Cheatham) .  1 

Union  Carbide  Corp.,  Carbon  Products  Div.,  Cleveland,  OH  .  1 

Philco-Form  Corp.,  Aeronautic  Div.,  Newport  Beach,  CA .  1 

University  of  Maryland,  College  Park,  MD  (Dr.  W.  J.  Bailey).  ...  1 

University  of  Wyoming,  Mechanical  Engineering  Dept., 

Laramie,  WY  (Dr.  D.  Adams) .  1 

3M  Company,  Medical  Products  Div.,  St.  Paul,  MN  (J.  G.  Blair).  .  .  1 

Army  Materials  and  Mechanics  Research  Center 

Watertown,  MA  (G.  L.  Hagnauer,  C.  Douglas)  .  . .  2 

S.  I.  DuPont  Co.,  Instrument  Products  Div., 

Wilmington,  DE  (R.  L.  Blaine) .  1 

ONR,  Eastern  Central  Regional  Office,  Boston,  MA  (Ms.  Helen  Holoch)  1 

DTIC .  12 

MIT,  Cambridge,  MA  (D.  Roylance) .  1 

Ciba-Geigy  Corp.,  Ardsley,  NY  (J.  Weiss)  .  1 

Martin-Marietta,  Orlando,  FL  (Tech.  Library)  .  1 

ARRADCOM,  Dover,  NJ  (A.  M.  Anzalone) .  1 

General  Electric  Co.,  Cincinnatti,  OH  (M.  Grandey)  .  1 


